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ABSTRACT

As part of an effort to develop atest for chronic stress in cetaceans, we needed to
guantify the expression levels of stress-response proteins (SRP) in
immunohistochemically stained skin. We have developed a custom method of
computer-assisted image analysis (CIA) using the commercially available software
Image-Pro Plus. The immunoreactive signal, corresponding to the SRP expression
level, was calculated based on the product of the average staining intensity and the
percentage of positively stained epidermal cells. This new method allows for exact
measurement of signal directly in the area-of-interest. We demonstrate the application
of CIA for quantification of immunohistochemical staining through expression analysis
of metallothionein in 22 specimens of beluga, bottlenose dol phins, and spotted dolphins.
I mage analysis results were compared with the more standard, qualitative method of
human-scored visual assessment using light microscopy. Both visual and CIA methods
can accurately separate known healthy and diseased cetaceans. However, CIA isableto
distinguish staining differences on a much finer scale than a subjective observer can do
visually. We conclude that our method of CIA is both accurate and repeatable and
provides an efficient means for rapidly quantifying the expression levels of stress-

response proteins.



METHODS

Metallothionein was visualized in thin skin sections from 22 specimens
using immunohistochemical (IHC) staining.

Using identical microscope and camera settings, three digital images per
sample were taken to accurately reflect the overall staining. In a separate
session, three additional images per sample were taken to assess
reproducibility.

All images were analyzed using the commercially available software
program Image-Pro Plus version 4.1 for Windows 95/98/NT (Media
Cybernetics, Silver Spring, MD).

Hardware system used: Gateway E-4200 computer and V X900 monitor,
DV C high resolution digital camera 1310C, Olympus System light
microscope model BX50 (Scientific Instrument Company, Sunnyvale, CA).



Figure 1. Quantification of the expression of the SRP metallothionein in beluga skin using
computer-assisted image analysis.

Metallothionein (MT) was detected in a 5-micron section of beluga skin using immunohistochemical
staining with rabbit antiserum to horse MT. Asaresult of the IHC staining, MT was visualized as a
red pigment. MT expression was localized to the immature keratinocytes in the epidermal ridges
(panel A). Using the free-form drawing tool in Image-Pro Plus, we selected the epidermis as the area-
of-interest. All calculations were performed only within this selected area (panel B). A color file was
created that exactly selected the hue, saturation, and intensity that indicated the protein expression.
This color file defined the range of the signal and was applied to all samples. When superimposed on
the image, the color file was visualized as an artificial blue color that showed the localization of the
MT signal (panel C). (Original magnifications x400).



QUANTIFICATION OF THE STRESS-RESPONSE
PROTEIN EXPRESSION LEVEL SCORE (ELS)

ELS = Mean Optical Density of Red x Percent Area
Positively Stained x 100

 For Figurel, ELS=0.230x 0.725x 100 = 16.6/5

* Observed Range of ELS: 0-35
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Figure 2. Application of CIA method to
cetacean skin sections, comparing with visual
analysis.

MT was visualized in 22 different skin
specimens, 3 of which are shown here (panels A
andB,CandD, E andF). MT levelswere
evaluated using two methods: subjective visual
analysis (panels A, C, and E) and computerized
Image analysis (panels B, D, and F). Visual
analysisinvolved three repeat evaluations of the
specimens using light microscopy at 40x, 100x,
and 400x magnifications. CIA was performed
on three images per specimen at 400x
magnification, and the average EL S score was
obtained. Only one image per specimen is
shown here; however, the expression level score
shown isthe average EL S (panel B, D, and F).
The EL S found using the computer-assisted
method was concordant with the visual
assessment of staining (Kendall Coefficient of
Concordance, W= 0.975, 0.001<p<0.01).
(Origina magnifications x400).



REPRODUCIBILITY

For all 22 specimens, 3 additional images were taken
In aseparate session. CIA was performed in the
same manner on these images, and again the average
ELSvalue was calculated. The two CIA sessions
were shown to give nearly identical ELS valuesfor
every specimen (Kendall Coefficient of
Concordance, W=0.993, 0.001<p<0.01).



See next dlide for Figure 3.

Figure3. Graph of MT expression level scoresfor both ClA and visual
analyses of 11 refer ence specimens and 11 field specimens.

All 22 specimens were analyzed via subjective visual analysis and computer
Image analysis. Visua analysisinvolved three repeat evaluations of the
specimens using light microscopy at 40x, 100x, and 400x magnifications.
CIA was performed on three images per specimen at 400x magnification, and
the average EL S value of all three images was obtained. The eleven field
specimens had arange of ELS valuesfrom 0-18. Four of the field specimens
fell within the range of the known normals, four were within the range of the
clinically diseased samples, and three had intermediate EL S values.
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Figure 3. (Description on previous slide)




Figure 4. Quantification of metallothionein expression in Stenella attenuata
skin using computerized image analysis, comparing non-outlined and
outlined images.

The expression of MT was visualized as ared pigment in the immature
keratinocytes in the epidermis (panel A). In panel B, the ELS was calculated from
the signal in both the epidermis and the dermis. In panel C, the ELS was
determined only from the M T signal within the outlined epidermal area-of interest.
Outlining also allows artifacts of staining, which would alter the true expression
level score, to be removed from the analysis. Such artifacts include foldsin the
skin, areas in which the skin haslifted up (a and b, panel C), tears, and edge
effects. (Original magnifications: x400).
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Figure5. Comparison of CIA for two
Stenella attenuata samples at different
magnifications.

Many stress-response proteins can be
expressed in al layers of the epidermis, from
the Sratum basale (o), through the Stratum
spinosum (Ss), to the Stratum externum (Se)
(panel C). When two samples at 400x
magnification were compared, similar ELS
values were obtained for expression in the
Sratum basale (panels A and B). The same
samples analyzed at 100x show very
different patterns of cellular accumulation of
antigen, reflected by their much more
representative EL S values (panels C and D).
When staining is homogeneous and the
cellular area of staining is the same on the
sections being compared, a higher
magnification can be used. When thereis
variability in the staining pattern, however, a
lower magnification can discriminate
staining differences better. (Samples stained
with a combination of 40 SRF's).



Summary of Results

Computer-assisted image analysis can be used to quantify immunohistochemical
signal in cetacean skin.

CIA results corresponded significantly with the subjective visual assessment
(0.001<p<0.01), (Figure 2).

Both the subjective visual assessment and the CIA methods accurately separated
known healthy and diseased animals (Figure 3).

EL S values obtained from the CIA method in two separate sessions were shown to
be significantly concordant (0.001<p<0.01).

This CIA method allows calculations to be performed within a selected area-of -
interest, avoiding artifacts of staining which can confound results (Figure 4).

CIA can be used at different magnifications, which is important for non-
homogeneous stainings (Figure 5).



Applications

o At present, thistechnique of computer-assisted image
analysis to quantify molecular stress has been applied to
evaluate the impact of the tunafishery on spotted dolphins
In the Eastern Tropical Pacific, and the emergence of

emaciation and low reproduction in the North Pacific gray
whales.
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